INTRODUCTION
In the early years, on the discovery of Chagas disease (CHD), the risk of congenital transmission (CT) was considered one of the potential transmission routes of Trypanosoma cruzi infection. However, as recently as the 1970s, substantial changes were introduced thanks to progress in the physiopathology and treatment of this particular T. cruzi transmission route. Since 1991, the Initiative for the Southern Cone, a regional control program for CHD, has encouraged elimination of the vector Triatoma infestans and control of T. cruzi transmission through blood banks. 1 In the countries of Latin America, this initiative has enabled the implementation of active and sustainable actions in relevant areas for CHD vectorial control, allowing the present reinforcement of the CT strategy and the network of clinical diagnosis and treatment of CHD patients. 2 Recently, two meetings organized in Bolivia and Uruguay have emphasized the relevance of congenital CHD in the panorama of the disease and the need to control it in endemic countries. 3, 4 However, in countries such as Spain, Switzerland, and the United States, congenital T. cruzi infection at present constitutes a public health issue caused by people migration from the endemic CHD areas. [5] [6] [7] [8] [9] Between 1993 and 2000, the Argentinean Program for Pregnant Women Control studied 245,583 women from different endemic provinces, and the serological prevalence was estimated to be 11.8% during the period 1994-1995; 9.1% in 1996-1997, and 6.8% in 2000, whereas the estimated incidence of CT was 1.9% in the 1970s (range 0.1-3.5) and 2.5% (range 0.7-10.4) in the 1980s (Blanco S and others, Programa Nacional de Chagas. Coordinación de Vectores 2001, National Chagas Program, Vector Coordination, unpublished data). 10, 11 This study was developed in the Instituto Nacional de Parasitología "Dr Mario Fatala Chaben" (National Parasitology Institute of Argentina), an urban reference health care center located in the main non-endemic area of Argentina, that sees around 800 pregnant women who are referred for CHD diagnosis confirmation per year. The purpose of this work is to evaluate certain aspects relative to the efficacy in the application of a CT strategy in our institute during the 1994-2004 period. Strengths and weaknesses of the strategy related to the control of congenital T. cruzi infection were evaluated.
MATERIAL AND METHODS

Population.
A total of 4,355 CHD pregnant women and their newborns from different public and private centers of the City of Buenos Aires and Greater Buenos Aires were referred to the Instituto Nacional de Parasitología "Dr Mario Fatala Chaben," to diagnose potential CT during the 1994-2004 period. The serological prevalence of CHD pregnant women was evaluated in a group of 6,204 pregnant women of the whole population referred to our institute in the subperiod between October 1997 and December 2004. Inclusion criteria for pregnant women in the congenital CHD protocol was serological reactivity for CHD in at least two serological tests, such as indirect immunofluorescence assay (IFA), enzyme-linked immunosorbent assay (ELISA), and indirect hemagglutination (IHA) standardized in our institute. [12] [13] [14] [15] Babies born to CHD mothers met the inclusion criterion in the protocol. Children were excluded when they had received blood transfusions, or were born or had been in transit in endemic areas.
Study design. A follow-up strategy for CT was designed and implemented in the 1994-2004 period, where a cohort of CHD mothers and their children were prospectively enrolled. Initially, the data were recorded in especially designed manual forms, and from 1997 they were captured in a database. The variables used were age, gender, present location, blood transfusions, occupation, medical history of CHD mother, proportions of nulliparous/mulltiparous women in transmitting and non-transmitting mothers, other previous or present diseases, and number of children in the family. Recorded data about newborns included type of delivery, weight at birth, and whether the babies were symptomatic or asymptomatic at birth.
The diagnosis protocol of congenital CHD included three controls: in the period between birth and 30 days, at 6 and 12 months. The CT monitoring was considered complete when the diagnosis of the congenital T. cruzi infection was detected at any point in the first 12 months, or in those babies confirmed as non-infected at the end of follow-up, i.e., 12 months of age. The CT monitoring was considered incomplete when the second control before month 10 was negative by parasitological and serological methods, and the absence of a third control after month 10 did not allow the children's medical discharge from the protocol.
Case definition. A child was considered to have congenital T. cruzi infection when parasitemia was positive at any time of the follow-up, or serology was reactive above the cut-off value in two serological tests in children between 6 and 12 months of age. A child was considered to be free of CT when the serology for at least two tests was non-reactive as from the 10th month on.
Methods. The parasitological diagnosis of CT was performed through a "micromethod" (De Rissio AM and others, unpublished data) developed and validated in relation to the xenodiagnosis. 16 Briefly, 0.5 mL of blood was collected by venopuncture in an eppendorf tube with a drop of heparin, centrifuged at 3,000 rpm during 1 minute. The buffy coat between the sera and the blood cells was used in at least four smears with coverslips of 22 × 22 mm in size, and a reading was obtained at 400×.
Serological diagnosis was performed with ELISA, IHA, and IFA, with "in-house" antigens, compliant with domestic and international rules. The parasite antigens used in those methods vary widely, from whole cells for IFA to crude cell extracts for IHA and ELISA. The sensitivity of the tests varies between 99.0% and 99.8%. When two or three tests were performed simultaneously, the sensitivity ranges from 99.7% to 100% and the specificity from 97.4% to 97.9%. [12] [13] [14] [15] Titers equal or higher than 0.200 of optical density at 490 nm for ELISA, and 1/32 for IHA and IFA were considered reactive for T. cruzi infection.
To determine persistence time of anti-T. cruzi antibodies transmitted by the CHD mothers, a subgroup of 1,052 CT-free children at the 12-month follow-up was selected using a systematic method. The evaluation point was at 6 months by IHA, ELISA, and IFA tests.
Statistical analysis. Fisher's exact test was applied to evaluate differences between proportions. Confidence intervals (CI) were calculated, and P was considered significant at least at 0.05. Data were expressed as mean ± SD. To evaluate consistency between diagnosis methods, we calculated sensitivity and specificity, positive and negative predictive values, and the Kappa concordance index with its CI.
Bioethical criteria. The CHD mothers were invited to be included in the protocol of congenital T. cruzi infection, allowing the follow-up of their children. Informed consent forms were signed by all mothers after detailed interviews. The infected mothers group was given descriptive and explanatory material on CHD, and the value of monitoring and the recovery of their potentially infected children by means of specific treatment were explained in detail. All children with congenital T. cruzi infection were treated with benznidazole. The Bioethical Committee of the ANLIS CG Malbran approved the study and the informed consent form.
RESULTS
Within the framework of the longitudinal prospective study, the serological prevalence in the group of CHD mothers was evaluated in our institution between October 1997 and December 2004 (sub-period in which that data were recorded in a database). It was 49.5 ± 5.1% (3,068/6,204), as shown in Figure 1 , ranging between 47.4% in 1998 and 57.2% in 2003. The distribution of pregnant CHD women whose babies were diagnosed with congenital T. cruzi infection by place of origin is shown in Figure 2 . Pregnant CHD women from different provinces and different endemicity areas in Argentina amounted to 41.8% (111/265). It is interesting to point out that 26% of the mothers were born in urban, non-endemic areas: 7.9% were from the City of Buenos Aires (21/265), and 18.1% (48/265) from Greater Buenos Aires. Chaco, a highly endemic Argentinian province, contributed 8%. The highest contributor to CT was Bolivia, a neighboring country, whose CHD mothers were 27.1% (72/265). At the time of this study, all pregnant CHD mothers were living in urban, non-endemic areas.
The age distribution of the 265 CHD mothers was 76.6% of the mothers were between the ages of 21 and 35 (203/265), whereas 13.2% (35/265) were young mothers, between the ages of 15 and 20, and 10.2% (27/265) were mature mothers, between 36 and 45 years of age. In connection with the age of transmitting and non-transmitting mothers, there were no significant differences between both populations. In relation to CT, 267 babies were diagnosed with congenital T. cruzi infection in the period studied. The overall CT rate was 6.1 ± 1.1%, with the lowest rate in 1996 (4.3%) and the highest one in 1999 (7.7%). The distribution of these values is shown in Figure 3 . There was no difference between nulliparous/multiparous women in connection with transmitting and non-transmitting mothers.
The gender distribution of the 267 babies was 46.1% male (123/267), and 53.9% (144/267) female. Number of Chagas disease mothers.
Children with congenital Trypanosoma cruzi infection. -p -Rate of congenital transmission. Overall congenital transmission was 6.1 ± 1.1% (mean ± SD).
Regarding the weight of the congenitally infected T. cruzi newborns, it was normal in 87%; 9% of the children had low weight at birth, and 4% of them had very low weight. All babies were asymptomatic; no symptoms of congenital CHD were detected. Table 1 shows the persistence of maternal anti-T. cruzi antibodies at 6 months of age in 1,052 children who were CT free after the complete follow-up. The data show that the pair ELISA/IHA was non-reactive; the pair ELISA/IFA was reactive in 0.3% of children; IHA/IFA in 0.3%, and 5.9% (62/ 1,052) of the babies were reactive for only one test, usually IFA. A total of 6.5% (68/1,052) of non-infected children were serologically reactive for serological pairs or for one test. In all positive cases, the values found were a maximum of two titers above cut-off level.
To determine the sensitivity and specificity of the micromethod, only children with complete follow-up, with or without positive CT diagnosis, were considered (N:1,924). The value of the micromethod in relation to xenodiagnosis is shown in Table 2 . The sensitivity of the test was 0.938 (CI 95%, 0.925-0.940) and its specificity was 1 (0.998-1). The micromethod was able to detect at least 25 parasites/mL (De Rissio AM and others, unpublished data).
Furthermore, the positive predictive value was 0.998 (0.984-1) and the negative predictive value 0.990 (0.988-1), showing the good performance of the micromethod; the kappa index between both methods was 0.9643%, with very good concordance (CI 95%, 0.9469-0.9817).
The diagnosis age for the 267 babies is shown in Figure 4 . During the first 5 months of life, diagnosis was performed in 68.9% of the children: 44.6% (119/267) of the newborns were diagnosed around the first month, and 24.3% (65/267) between months 2 and 5, whereas 31.1% (83/267) of the babies were diagnosed between the 6th and the 12th month. Before 6 months of age, the diagnosis was always performed by means of parasitemia using micromethod, and xenodiagnosis. After the 6th month, the diagnosis was based on parasitemia and serology. The diagnosis of babies with congenital T. cruzi infection between 6 to 12 months was compared by means of the relationship between the parasitemia and the serology against T. cruzi as shown in Table 3 . Parasitemia was detected in 94% (78/83) of the babies, whereas in 6% (5/83) it was not detected. Out of 83 children, serology was reactive at least by two tests in 74.7% (62/83), negative in 20.5% (17/83), and discordant, usually by IFA, in 4.8% (4/83) of the babies. Between the 6th and 9th months, these 21 children with non-reactive and discordant serology had detectable T. cruzi parasitemia. The overall difference between the parasitemia and serology at 6 to 9 months was 36.2% (CI 95%, 23.8-48.6, P = 0.000). When the analysis was performed at specific months, for instance at 6 months, it was observed that parasitemia detected 38.7% (12 cases) more than serology (CI 95%, 21.6-55.9, P = 0.000); at 7 to 8 months, 25% (4 cases) more than serology (CI 95%, 3.8-46.2, P = 0.101); at 9 months, 45.5% (5 cases) more than serology (CI 95%, 16.0-74.9, P = 0.035). In this study, parasitemia usually showed more sensitivity than serology in babies who were congenitally infected with T. cruzi at 6 to 9 months of age. Parasitemia was able to detect 38.7%, 25%, and 45.5% more infected children than serology at months 6, 7-8, and 9, respectively. The relevance of these results is that if serology had been the only diagnosis criterion, those children would have been considered free of congenital T. cruzi infection in that critical period. At 10 to 12 months, serology always showed more sensitivity and was more significant in the diagnosis of CT than parasitemia.
When the overall outcome of the 4,355 babies born to CHD mothers was analyzed, as shown in Figure 5 , the results observed were as follows: 267 cases (6.1%) were diagnosed as infected, 1,657 cases (38.1%) completed the monitoring and were considered to be free of congenital infection, and 2,431 (55.8%) were cases with incomplete monitoring and did not get an end diagnosis despite the fact that two controls had been performed during the year.
DISCUSSION
Control of congenital CHD involves four sequential stages: 1) determination of serological reactivity against T. cruzi in pregnant women; 2) monitoring and diagnosis of CT along the first year of life of babies born to CHD mothers; 3) treatment in children with congenital CHD or T. cruzi infection, and 4) follow-up of treatment to establish therapeutic cure or failure. Our study shows the different stages in the surveillance of CT, except for the effects of treatment, focusing on the strengths and weaknesses of control of such stages in an urban, non-endemic area of Argentina.
The study was performed at the Instituto Nacional de Parasitología Dr Mario Fatala Chaben, an institution that receives pregnant mothers referred from different health centers to confirm CHD serology, and follows up their babies to diagnose potential CT. The CHD mothers and their babies lived in the main urban, non-endemic, more densely populated areas of Argentina, the City of Buenos Aires, and Greater Buenos Aires, which host 31.6% of the population in the country. The overall serological prevalence of CHD mothers was 49.5%, a very high percentage. It is worth mentioning that the data are biased because we receive patients that are referred to our institution, in most cases to confirm CHD diagnosis. * Diagnosis of maternal anti-Typanosoma cruzi antibodies up to 6 months of children's age. Numbers indicate serological reactivity by two tests or one test (discordant serology †), usually for indirect immunofluorescence assay (IFA). The 6.5% of children without congenital transmission had reactive or discordant serology up to the 6th month of age. 19 and in Bolivia, 42.2% in Yacuiba, a highly endemic area, 20 and 33.8% in Bermejo with control of vectorial transmission. 21 Variations in the support of vectorial control activities in the different regions, countries, or areas of Latin America seem to determine the levels of serological prevalence of CHD in pregnant women.
Argentina receives external migration from neighboring countries such as Paraguay and Bolivia. The mean CT rate in our cohort was 6.1% along the 11-year period of the study. Bolivia's contribution to CT in our study was the highest (27%), and this fact was sustained because of Bolivian migration from the poorest and more endemic regions of that country. Different rates of CT were detected in different provinces of our country: 8.8% in Tucumán, 22 4-8.8% in Salta, 23, 24 2.6% in Santa Fe, 25 2.4% in Córdoba, 26 and 2.5% in the City of Buenos Aires in a reference pediatric center, mainly caused by internal migration from endemic areas to the urban center. 27 According to our data, it is not possible to determine if those children born in the City of Buenos Aires or Greater Buenos Aires, whose mothers are also native of non-endemic areas, constitute second generation congenital CHD children, a piece of information that is clearly reported in studies from Chile and the province of Salta, Argentina. 28, 29 In other countries of the Southern Cone, CT rate figures are as follows: 5.1% in Yacuiba and 5.2% in Bermejo, both from Bolivia, 20, 21 5.4% in Paraguay, 17 0.7% in Brazil, 30, 31 and 21.2% in Chile. 32 The variability expressed in CT rates in countries and areas of Latin America could be related to the degree of success or difficulty in the application of the strategy, recording of cases, the impact of vectorial control and policies on surveillance and poverty. 33, 34 In this sense, in Argentina, it has been estimated that the number of detected cases of infected children was smaller than expected, 35 which emphasizes the fact that CT constitutes a serious Public Health issue.
Sustained vectorial surveillance actions in CHD have an impact on CT rate, as proven by Brazil, where vectorial transmission has been successfully interrupted. This relevant public health event has induced a marked reduction in the indicators of congenital T. cruzi infection, and has supported the influence of vector control in CHD. 30, 31 On the other hand, CT rate in Chile, another country where vectorial transmission has been successfully interrupted is still very high; there, congenital T. cruzi infection was diagnosed by means of polymerase chain reaction (PCR), which is a high sensitivity method, and has shown controversial results when used as a tool in congenital T. cruzi infection diagnosis (Russomando G and others, Neonatal diagnosis and follow-up treatment of congenital Chagas disease by polymerase chain reaction. J Microbiol Methods 30: 237, 1997). 19 , 36-38 At present, direct parasitological methods seem to be the method of choice in the diagnosis of newborns because of ease of accessibility and adequate sensitivity, although the efficacy of these tests has always depended on the skill of the operator. Other methods, such as the micromethod, developed and validated in our institute (De Rissio and others, unpublished data), and the microhematocrit concentration method 39 seem to be better suited for diagnosis in the field because they can be performed in laboratories with less complexity. Serological tests require moderate complexity laboratories, and molecular biology tests need high complexity laboratories. In this study, out of 267 children with CT, 68.9% were diagnosed within the first 5 months of life (44.6% in the first month, and 24.3% until the 5th month). The rest, i.e., 31.1%, were diagnosed between the 6th and 12th months. Diagnosis for CT was more efficacious within the first 5 months than in the second semester. In most CT studies from endemic countries, the diagnosis is mostly carried out around birth or within the first semester, mainly because there are better recruitment possibilities for CHD mothers and their children around the perinatal period. Few reports emphasize follow-up until the end of the first year of life.
In our experience, the success of the follow-up in the first year was because serologically reactive mothers were informed through extensive individual interviews about the relevance of control of their asymptomatic and apparently healthy children. Follow-up during the first year is a crucial issue in the monitoring of congenital T. cruzi infection, and it is essential for whole coverage in the CT strategy. In that sense, a strong weakness was detected in our study in the application of the entire protocol because a significant number of children (55.8%) failed to complete the follow-up and therefore were not diagnosed in the first 12 months of their life, even when they had up to two controls within the year of follow-up. This large number of children lost during the follow-up could be distorting the true CT rate in our studied population.
The CT monitoring strategy has, in our view, a weak point that makes it vulnerable; in a lot of papers published about this issue in Latin America, there is no clear follow-up extending to the end of the first year of life of the babies born to CHD mothers. In our study, this vulnerability was expressed by the loss of subjects, which we recognize as amounting to 55.8%. We attribute this weakness, in our endemic countries, to lack of a strong network within health systems to allow for the application of an integrated strategy. Moreover, the difficulties associated to geographical distances and other relevant social emergent factors in diagnosis and follow-up are more marked in rural areas. 17, [20] [21] [22] Increasing the effectiveness of the first line of health services in direct contact with the community in our endemic countries and establishing congenital T. cruzi infection as a priority in Public Health Programs could contribute to achieve better surveillance coverage and to reduce potential undiagnosed and untreated children, facts that have failed to be clearly reported in different studies. [20] [21] [22] [23] In connection with the diagnosis protocol, in our experience parasitemia was a determining factor in the diagnosis of congenital T. cruzi infection within the first 5 months, by micromethod and xenodiagnosis, which is similar to reported findings in other studies. 17, 19, 20, 22, 23 Between 6 and 12 months of age, serology confirmed congenital T. cruzi infection in 74.7% of the babies when the serological titers were clearly over the cut-off level. However, serology was not always conclusive in the diagnosis in this period, especially when it was non-reactive or discordant. The interplay between parasitemia and serology had a dynamic role in the diagnosis of children with CT. Between 6 and 9 months of age, parasitemia identified 36.2% more cases than serology. A non-reactive serology in this period was not always indicative of absence of congenital T. cruzi infection. In our experience, 10 months was the definitive cut-off age that unmistakably separated parasitemia from serology in the diagnosis; more specifically, between 6 and 9 months of age, a non-reactive serology diagnosis should be confirmed after 10 months of age to complete the CT protocol. 40 This became more relevant because maternal anti-T. cruzi antibodies were persistent up to 6 months 17 and 8 months after birth 26 in children who were free of infection. In our study, a total of 6.5% of children without congenital T. cruzi infection had reactive serology for one or two tests at 6 months of age. The persistence of maternal antibodies until months 6 to 8 suggests that physicians should adopt a cautious position regarding the serological diagnosis of CT in these critical months of life in the cases of children born to CHD mothers.
In summary, overall CT surveillance requires a closer interrelation between the different Public Health players, defined health policies, and active involvement in the different levels of health services in contact with the community. Focusing on diagnosis by means of low and high complexity laboratories, both in the field and in reference health care centers, will potentially contribute to increasing and improving coverage of the congenital T. cruzi infection.
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